This paper highlights the fabrication and characterization of a new type of crystal in quenched, cooled and annealed PEEK films. Following this process, a "fibre-like" crystal structure has been identified. Across the film surface, these fibres cross each other and form a random network of interconnected fibres.
Introduction
Shortly after their invention in the 1960s, Poly Ether Ether Ketone (PEEK) polymers underwent a great deal of research into understanding their fundamental properties and crystal structure [1, 2, 3] . The current literature on the crystal structure of PEEKs established the presence of a spherulitic morphology, with an on-going debate on the origin and type of lamellae present in these spherulites. Several studies [4, 5, 6, 7] hint to the presence of two populations of lamellae with two different thicknesses, which potentially link to the double melting behavior of PEEK. Other studies [8, 9] do not agree with the dual crystal morphology and explain the dual melting point through a simple melting-recrystallization effect. A recent study by Wang et al. [10] , identified the presence of two crystal morphologies assembled into a hierarchical structure.
This study shows further the unique self-assembly ability of PEEKs and the fabrication of a novel fibre-like crystal structure in thin films. The preparation method and the characterization of these crystals are reported here.
Experimental method

Film preparation
Thin PEEK films of approximately 250µm thickness were manufactured by melting and crystallization using two different methods.
Method 1: Firstly, the PEEK 150PF powder (Victrex,UK) was spread evenly on a glass slide (Fisherbrand microscope slides, 0.8-1mm thickness), the layer of powder was heated up on a hotplate (V14160 Bibby HC500 hotplate) at 400 o C for 5mins. Its thickness was controlled using an in-house built doctor blade rig. No glass cover was applied on top of the PEEK powder. The molten film on the glass slides was quickly transferred to another hot plate and isothermal crystallized at 300 o C.
Method 2: Molten PEEK film was prepared in the same method as Method 1. This time, the molten film on the glass slide was immediately quenched in deionized water, which allows the formation of transparent PEEK film. The transparent PEEK film was air dried at room temperature, followed by annealing on a hotplate at the temperature of 300 o C for various times (5, 10, 30, 60, 120min) .
Scanning Electron Microscopy
The surface of the thin PEEK films was examined by SEM (Hitachi S-3200N, Japan).
The specimens were sputter coated with gold with a thickness of 5nm. The acceleration voltage was 20kV.
Wide Angle X-Ray Diffractometry (WAXD)
The measurements were performed with a Bruker D8 Advance WAXD with copper anode at room temperature. XRD data were collected in the angular range where The XRD results presented in Table 1 show that there is no correlation between the lamellar thickness and the width of the fibre-like structures as a function of the annealing time. It could be argued that the fibre-like arrangement presented here is a shish-kebab structure. Although not able to definitively confirm this hypothesis at this stage, there are few distinct differences between the two methods of fabrication of these structures. Generally, the shish kebab structure is formed by crystallization from a polymer solution or polymer melt under shear stress [13, 14] . It was noticed that the shish kebab structures have the same dimensions (length and width) in the very first stages of crystallization as well as those formed during the later stages [13] .
The method used here for creation of the fibril-like structures did not employ any shear stresses and the width of the fibrils increases with annealing time. However, it is possible that a certain degree of stress was created during the quenching from melt and the differences in thermal contraction of the substrate and polymer film. In our previous publication [10] , PEEK samples obtained through melt crystallization had hierarchical spherulitic crystal structure which was composed of self-assembling granular crystals, as shown in Figure 5 . Strobl et al. [11] observed a similar granular crystal blocks in polyolefin and proposed that the granular mesosphere-domain is the building block of the spherulitic structure ( Figure 5 ). In comparison with the meltcrystallized structures, SEM investigation suggests that the self-assembling blocks in the quenched crystallized PEEK orientated along the fibre axis of fibre-like crystal. Figure 5 . Crystallization mechanism by self-assembling of granular crystals [10, 11] .
In order to understand the origin of the nucleation process for the formation of these "fibre" like crystal structures, the substrate (glass slide) has been closely examined. It is well known that the substrate surface plays an important role in the heterogeneous nucleation of polymer crystallization [12] . Therefore, it was suspected that the fibre like crystals might have originated from scratches on the glass substrate. However, as can be seen in the supplementary material, Figure 1s (a), the glass substrate was scratch free. Furthermore, the glass slide surface was purposely scratched to understand the influence of the surface scratch on the fibre-like crystal formation. The detailed crystallization mechanism of these fibre-like crystals is not yet clear at this stage and will be the subject of further investigation, as they may represent an interesting opportunity for anisotropic property enhancement.
